Three different detergent formulations, (1) ethyl-hydro-oxides (EHOs, using ethanol + H 2 O 2 + KOH + water, without pH adjustment, at 60 ∘ C for 1 h), (2) modified EHOs (using ethanol + H 2 O 2 + KOH + water, with pH adjustment, at 40 ∘ C for 1 h), and (3) water based detergent (WBD, using commercial detergent T + water, at 40 ∘ C for 1 h), were analyzed for cleaning of dried biodiesel soaked cotton cloth (DBSCC) samples. The effects of detergent formulations were analyzed based on cloth sample weights (residual and intact) and visual (through photographic images) examinations. With EHOs formulations, the increasing concentration of KOH and H 2 O 2 had a significant effect on increasing both brightness and residual content of DBSCC samples. On the contrary, the controlled pH environments (as with modified EHOs formulations) had a significant effect in decreasing residual content and increasing brightness of DBSCC samples. The implications of EHOs formulations (with and without modification) are discussed with respect to current water based textile and detergent industries practices.
Introduction
Textile and detergent industries are necessary to fulfill a hygienic environment within a society. Textile industry produces cotton, wool, and synthetic fiber based fabrics. Among all these fabrics, cotton based fabrics are the most popular due to a wide consumer recognition (because of the high comfort level and the ability to absorb moisture) and textile medical importance [1] . In textile industry, production of cotton based fabric requires tremendous amount of water [2, 3] . The conversion of yarn (after weaving and spinning operations) into the printed fabric requires the following different unit operations in a sequential order.
(1) Desizing: Cellulase enzymes are used to reduce the size of cotton fibers.
(2) Scouring: Alkaline or soap solutions are used to remove the extractive contents (wax or noncellulosic components) of cotton.
(3) Bleaching: This process is performed at 80 ∘ -110 ∘ C using 10-30 g H 2 O 2 per Kg of fabric to increase the whiteness [4, 5] . The alkaline condition (with pH < 10.8) with H 2 O 2 has been reported in the optimal bleaching [5] . (4) Mercerization: This process is performed using 110-190 g NaOH per Kg of fabric at 20 ∘ -25 ∘ C [6] . The mercerization process converts native cotton (cellulose I) to mercerized cotton (cellulose II) [7] . The conversion of cellulose I to cellulose II increases both brightness and tensile strength of the fabric [6, 8] . In addition, cellulose II provides a stable state for the dye adsorption [9] . Usually, water and acid wash (sulfuric acid) are employed for pH neutralization of the mercerized cotton fibers.
(5) Dyeing: This process operates at pH range of [4] [5] [6] [7] [8] [9] [10] [11] [12] using cationic and anionic dyes [8] .
Approximately 42,000-123,000 liters of water per ton of finished cotton fabric (up to mercerization) is required [3] . On the other hand, detergent industry produces a wide range of consumer products such as bleaching, disinfectant, and laundry detergents for domestic and industrial applications [10] . Detergent industry utilizes chemical and biological methods for the production of detergent's ingredients [10] [11] [12] .
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Chemical methods involve the use of chemically synthesized hydrogen peroxide, phosphorus, caustic soda, hydrochloric acid, and peracetic acid. The selection of chemicals depends on the strength of a detergent formulation [10, 13] . In the biological method, different microorganisms (fungus, bacteria, and yeast) are employed for the production of protein degrading (protease) and lipid degrading (lipase) enzymes [10] [11] [12] . Water based laundry detergent formulation comprises surfactant, builders, bleaches, antimicrobial agents, fabric softeners, fragrances, optical brighteners, preservative, hydrotropes (to prevent gel formation or separation), processing aids, and foam regulators (to reduce foam formation) [10] . Most of the commercial laundry detergent formulations are conditioned at pH of 8-11 and at a temperature of 25 ∘ -60 ∘ C [10] . The main goals of pH and temperature are to achieve optimal washing with chemical solvent properties and to decrease a surface tension of the solvent. A reduction in the surface tension of solvent is effective in accessing the inner matrix of fabric. In general, dirt is comprised of oil, grease, protein, carbohydrates, and soil. A dirt removal mechanism from the fabric involves the development of anionic species in the solvent that repels from cellulosic hydroxyl groups (in cotton based fabric) due to similar negative charges. The generated repulsion decreases the strength of attached dirt on the surface of the fabric and is released into the solvent. The released dirt is encapsulated by polymers (cellulose acetate) in the detergent formulation and is prevented from redeposition on the surface of the fabric. An alternative to water based fabric cleaner, such as perchloroethylene (also known as perc), is undesirable at a large scale application, due to its high energy requirement (during the recycling of solvent, boiling point = 121 ∘ C), carcinogenic nature, and direct impact on the environment (i.e., chlorofluorocarbons based products). The discharge of pollutants through textile industry and detergent based products into water stream has affected the sustainability of the environment [14] [15] [16] [17] and endangered or genetically mutated the natural flora [18, 19] . Both textile and detergent industries are important commodities of society. It is important to eliminate the generated pollutants at the end of these processes. Furthermore, it is important to find alternative to water based processes (in textile and detergent) in water-limited regions (such as drought and dessert lands) to maintain a hygienic environment and to develop these industries. The use of organic solvent (using ethanol) in alkaline medium (using potassium hydroxide at 25-50 g L −1 ) with oxidizing agent (using hydrogen peroxide at 25-50 g L −1 ) has been reported, known as ethyl-hydrooxides (EHOs) process, in the complete recycling of solvent mixture with the production of valuable bioproducts (such as pulp, enzyme hydrolyzate, therapeutic juice, and anticancer drug) and the development of integrated desalination process in the desert/drought regions of the world using structurally different lignocellulosic feedstocks [20, 21] . However, the application of EHOs process has not been reported in the development of textile and detergent processes.
The objective of the present research was to evaluate the effects of EHOs based detergent formulations on fabric cleaning by examining solvent polarity (by varying solvent composition of alkaline hydroxide, hydrogen peroxide, and ethanol) at different temperatures and pH values for both dirt removal and increasing the brightness of fabric. The implications of findings are discussed with a process integration and development including waste generation, salt formation, and thereafter regeneration of solvent stream, in textile and detergent processes. Table 2 . In 250 mL and 500 mL media bottles, DBSCC samples were added with 100 mL of different detergent formulations ( Table 2 ). All samples were incubated in shake flask incubator at 40
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∘ -60 ∘ C [10] , with continuous agitation at 200 revolutions per minute for 1 h [12] . After time incubation, the final pH values of the solvents were measured. The detergent washed cloth samples were retained using 0.15-0.18 mm sieve size and were water washed with hands under a running tap water (at 34 ∘ C) for 2-3 minutes. The intact part and residual of cloth samples were dried at 50 ∘ C for 12 h before analysis.
Analytical Methods.
Both sample weights and visual analyses (through photographs) of DBSCC were performed before and after the washing process. The oven-dried washed cloth samples were examined using the following relationships:
Residual cloth (RC) content (%) = Weight of generated residues (g) Initial weight of sample (g) × 100%
Total retained cloth (TRC) content (%) = IC content (%) + RC content (%) .
(1)
Results
Analysis. Different detergent formulations (EHOs, modified EHOs, and WBD) were analyzed with respect to controls (water and ethanol) to determine the effect on DBSCC samples. These comparisons were made based on IC, RC, and TRC contents of washed samples as responses. Images of DBSCC samples before and after washing were taken using Cannon PowerShot SD870 IS camera. The images of different detergent washed samples D1  D2  D3  D4  D5  T1  T2  T3  T4  T5 WBD formulations were compared with the responses. All numerical analyses and figures were drawn using Microsoft Excel software (version 2013, Windows 10).
Results and Discussion
The effects of different detergent formulations on the dirt removal of DBSCC samples were analyzed (Figure 1 ). Controls using ethanol and water at 40 ∘ -60 ∘ C indicated that DBSCC samples contained the higher amount of hydrophobic dirt contents compared to hydrophilic dirt contents (Figure 1) . Moreover, the temperature had a significant effect on the removal of hydrophobic dirt contents compared to hydrophilic dirt contents of DBSCC samples. The hydrophilic dirt contents of DBSCC samples (using water controls) were in the range of 3.5% to 4.6% (of initial sample weight) at the temperature ranges of 40 ∘ C to 60 ∘ C, respectively (Figure 1 ). On the other hand, the hydrophobic dirt contents of DBSCC samples (using ethanol controls) were in the ranges of 18.4% (at 40 ∘ C) to 22.3% (at 60 ∘ C) (Figure 1 ). The change of temperature from 60 ∘ C to 40 ∘ C reduced RC content and increased IC content of the washed samples ( Figure 1 ). All EHOs formulations had a high pH (13.7-14.0) compared to modified EHOs formulations (6.1-6.9) and WBD formulations (6.7-7.7) at the end of the processes (Figure 2) . The increased concentration of builders (KOH and H 2 O 2 ) with the organic solvent had both quantitative (based on sample weight) and qualitative (based on visual inspection) effects on the washed fabric samples (Figures 1-5) . A complete removal of the dirt along with the dye (yellowish in color) was observed with Advances in Materials Science and Engineering O4 and O5 samples using EHOs formulations (Figure 3(b) ).
With the application of EHOs formulations, the maximum and the minimum RC contents of 10% (of initial sample weight) and 1.6% (of initial sample weight) were observed with O5 and O1 samples, respectively ( Figures 1 and 3(b) ). Furthermore, O1 sample was the brightest fabric (without the dye removal) among all EHOs formulations (Figure 3(b) ). The EHOs formulation at O1 sample also indicated the application of 758 g L −1 ethanol in the solvent formulation (Table 2, Figure 1 ). Both pH adjustment of solvent (<8.5) and decrease of temperature (at 40 ∘ C) had positive effects on increasing the brightness of T4 sample (modified EHOs formulation) compared to WBD formulation ( Figures 1,  4-5) . Moreover, RC contents of DBSCC samples resulted from modified EHOs and WBD formulations being not significantly different from O1 sample (resulting through EHOs formulation). The maximum brightness of fabric was observed with T4 sample (at 2.
water + 667 g L −1 ethanol) in modified EHOs solvent formulation (Table 2, Figure 4 ). The change in the solvent polarity with both temperature and pH had the most significant effect on physical-structural properties of DBSCC samples (Table 2, Figures 1-5) . However, as the digital camera captures the white balance in a field of vision, the distinction of the color (resulting through different detergent formulations) cannot be compared in the present study.
The final pH values of EHOs formulations (without pH adjustment) and the increased ones in RC of DBSCC samples indicated that the interaction between fabric and solvent would be resulting due to higher pKa values of KOH (pKa value = 16) compared to cellulosic hydroxyl groups (pKa value = 14) [25] of fabric samples. A pKa value represents the strength of acid solution and is directly proportional to Gibbs energy change [26] . The mixing of KOH with H 2 O 2 increased both pH of the solvent [27] and the molecular dissociation of H 2 O 2 (pKa value 11.6) into water and molecular oxygen. The dissociation of H 2 O 2 is both pH and temperature dependent. ∘ C, as in WBD formulations) would lead to the removal of hydrophobic dirt contents of DBSCC samples [23] . The lower polarity of ethanol also stabilizes H 2 O 2 (dipole moment = 5.25 × 10 −30 C m, dielectric constant = 74.6 at 17 ∘ C) [23] compared to water alone [29, 30] . In addition, alkaline pH maintains the stability of ethanol molecules compared to acidic pH condition [31, 32] . In the alkaline pH, ethanol acts as a proton donor and denatures upon deprotonation (inconsumable in nature at high pH). The deprotonated ethanol would stabilize by noncovalent bonding of potassium ion (from KOH) or sodium ion (from NaOH) and would result in the formation of potassium ethoxide or sodium Table 2. ethoxide. Both potassium ethoxide and sodium ethoxide are highly corrosive and nucleophilic in nature [22] . The noncovalent interaction of potassium ion with deprotonated ethanol remains much stronger compared to sodium ion due to their different pKa values. Both potassium ethoxide and sodium ethoxide, known as alkoxides, are soluble in ethanol and have high reactivity with water [23] . The high reactivity of alkoxides (diluted in ethanol, as in EHOs detergent formulations without pH adjustment) with water solvent also facilitates pH neutralization (using hydrochloric acid or citric acid) of EHOs solvent (after H 2 O 2 dissociation) followed by distillation process, to regain ethanol in its physiochemical form as shown in Table 1 . The ethanol recovery of 99.2% has been reported at the end of the EHOs process [21] . The use of NaOH in EHOs detergent formulations would provide better economical outcome compared to KOH utilization in the process. The lower pKa value of NaOH compared to KOH would result in the production of minimum RC and is subjected to further research. In EHOs formulations (both with and without pH controlled), the interaction of DBSCC samples with the solvent occurs through the formation of ethoxide ion and hydroxide T1  T2  T3  T4  T5  T6  (Control)   T1  T2  T3  T4  T5 ∘ C), respectively [23, 33] . The reduction in the surface tension would be correlated to decrease in hydrogen bonding capability of ethanol. The reduced surface tension of organic solvent and the increased pressure would enhance the wetting power of fabric [10, 20, 21] . Jain and coresearchers [20, 21] have reported that the addition of at least 450 g L Table 2. concentration in EHOs solvent formulations would remove the foaming phenomenon resulting from an exothermic reaction of KOH and H 2 O 2 [20, 21] . The generated pressure in EHOs solvent formulations is dependent on several different factors including ethanol concentration, KOH concentration, H 2 O 2 concentration, and the total vessel loading [20, 21] ethanol)), the generated pressure of 11 bar to 15.2 bar was observed at 60 ∘ to 80 ∘ C, respectively, after 5 minutes (the point at which pressure started building up) to 20 minutes (the point at which the static pressure was observed) after the addition of H 2 O 2 [21] . In both cases (at 87% and 58% reactor vessel loadings), the pressure and temperature rose slowly and gradually [20, 21] . A pressure range of 4.4-5.6 bar (to increase a tensile strength of cotton fabric) [34] and temperature range of 30 ∘ -110 ∘ C [4, 5] have been reported in textile processing. Both the absence of foaming and rise in temperature of the vessel would increase the safety of the process during the scale-up (with the controlling and adjustment of a generated pressure in the vessel based on the process requirement) and would eliminate the external power source in the process, respectively. The usage of large quantities of organic solvent (flammable in nature) and generation of pressure in EHOs formulations (with and without modification) also indicated its applicability at industry (such as textile) and large intuitions (such as hospitals, and hotels) compared to common household usage ( Figure 6 ). In textile industry, the application of EHOs formulations at 60 ∘ -70 ∘ C (under pressurized condition) would be useful in the development of scouring, bleaching, and mercerization unit operations as a single unit operation. Moreover, the same process (EHOs formulations) would be utilized in the recycling of used fabric (either through bleaching or through dirt removal without affecting color). The use of ethanol in the process also provides its applicability in energy or heat generation through anaerobic sludge system [35] that would be an excellent source of energy production in textile industry in remote areas [20] . The implication of the suggested process in textile industry would minimize water usage by at least 38% compared to the current process [3] . Moreover, both EHOs and modified EHOs formulations would be ideal in the development of medical textile accessories [1] . These organic solvent based formulations (both EHOs and modified EHOs) would be useful in controlling and maintaining a hygienic environment in water-limited regions of the world such as Middle East, Australia, India (such as Rajasthan), and USA (such as California, Nevada). Furthermore, ethanol concentration of 552 g L −1 in the solvent formulation (as in modified EHOs formulation) precipitates potassium citrate as salt with pH of 6.5-8.0 [36] . However, the precipitated salt would be either recycled in the EHOs solvent formulation or collected for another application such as kidney stone removal [37] . The present study provided insight for the utilization of used fabric for its recycling and cleaning using both EHOs and modified EHOs formulations. Further research is required with organic solvent based detergent optimization based on processing temperature, ethanol concentration, potassium citrate or sodium citrate solutions strength, pH, hydrogen peroxide concentration, and processing time as variables. All these variables would be optimized using six variables' response surface methodology. The measurement of tensile strength [38] and reflectance (K/S value) [39] of fabric along with visual/microscopic analyses would be useful in determination of qualitative and quantitative effects of EHOs detergent formulations. The fact that ethanol, KOH/NaOH, citric acid, and H 2 O 2 are sustainable compounds and the optimal utilization and integration of the solvent stream make EHOs detergent formulation environmentally beneficial and interesting for the large scale applications.
Conclusions
Utilization of EHOs formulations in fabric cleaning provides flexibility with both pH and processing temperature. The development of EHOs formulations based textile and detergent processes at commercial scale would be beneficial in the elimination of the environmental pollutants resulting through the discharge of generated waste products in water stream. Moreover, the organic solvent based EHOs formulation would be beneficial in self-sustainable industry development in water-limited regions.
